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| NTRODUCTI ON

The occurrence of delam nation in |amnate structures is
one of the mpjor reliability concerns for using these
materials. There are continuing needs for devel opi ng
del am nati on i nspection techni ques to neasure speci nens of
various material structure as well as to accommodate different
test environnents. In the case of disbond-detection in the skin
of an aircraft, for sone practical reasons, an efficient
techni que shoul d be capable of inspecting a | arge surface area
in a reasonably short anpunt of tinme and with a hi gh degree of
accuracy. Wiile nost existing neasurenents can provide
sati sfactory accuracy, the required high inspection rate may
not be met. Thus, for assessnent of |arge surface area with an
ul trasoni c techni que, our approach is to generate sound waves
of particular nodes, which are capable of propagating in a
relatively extended area on the surface of a plate and at
meantinme interrogating the structural integrity of the plate.

It is well known in wavegui de theory [1-3] that certain
nodes of sound waves are capabl e of propagating a relatively
long distance in a material of plate configuration, and that
their propagation properties are determned in part by the
product of sound frequency and plate thickness. Recently, it
was found experinentally that, with this thickness dependence,
certain nodes of these plate waves provided a different
approach to probe the flaws in a lamnate structure, and with
potential application to the |arge area di sbond and crack
i nspection.

MEASUREMENT AND RESULTS

Low order nodes of plate waves were excited and propagated
in single alumnumplates, single alum numplates with thin
epoxy |l ayer of thickness 150-300 pm gl ued on one side, and
pl ate assenblies. Typically, the thickness of an alum num plate
is 1 mm Two pieces of alum num plate were epoxy bonded to form
a plate assenbly of thickness close to 2.2 mm For nost
assenblies, there were areas between plates intentionally
unbonded as a sinulation of delam nation for testing. A 2.25
MHz broad band PZT transducer of 1.25 cmdianeter and a



function/ pul se generator were used to excite pul sed waves.
These waves after travelling across the bonded and the unbonded
areas were received by another transducer of the same type
sitting on the sane surface of plate. Anplitude of the received
signal was then nonitored in a digital oscilloscope as a
function of position of an acoustic danper. A schenatic diagram
illustrating the setup for the neasurenent is shown in Fig.1l.

Wavef orns of well-separated wave nodes coul d be obtai ned
for both single plate and pl ate assenbly when the di stance
bet ween transducers was far enough, typically, larger than 30
cm Phase and group velocities of these nodes were determ ned
by the differentiate nmethod. Checking with the dispersion
curves of plate waves for alum num the observed waves of
particular interest were either SO or Al node. These wave
nodes, which al so show optimal anplitude anong the first
arrivals in the observed waveforns, exhibit phase velocities
close to 4.4 x 103 msec in an aluminumplate and a plate
assenbl y.

One of the features which differentiates this neasurenent
fromother plate waves techniques is nounting the two
transducers on the plate surface at a fixed distance (which can
be easily larger than 30 cm) and enpl oyi ng an acousti c danper
instead of a transducer to |ocate the structural flaws. It is
not unexpected that the insertion of an acoustic danper on the
pl ate surface between the transducers results in a decrease in
anpl i tude of the received signal; However, it was found in the
experinments that the anount of decrease when the danper was
pl aced on the unbonded area of a plate assenbly was nuch | arger
than that on the bonded areas. Taking advantage of this
finding, when the acoustic danping probe (with width of 0.5 cm
in the testing) is scanned back and forth between the
transducers as illustrated in Fig. 1, the observed variation of
anplitude of the received signal can be used to |ocate the
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Fig. 1. Schematic diagram of setup for the plate wave
measur enment .



del am nation areas. To denonstrate this effect, one of the
nmeasurenents was done on a plate assenbly, half of whose vol une
was of two bonded plates and the other half was of single
plate. Fig. 2 displays the anplitude variation curve of a wave
node with phase velocity of 4.35 x 103 msec at 1.8 MHz, as a
result of scanning. In the figure, x-axis represents the

di stance of danping probe fromthe transmtter. Also
illustrated in the inset is the geonetry of the plate assenbly.
As can be seen, when the danper noved across the double to the
single plate area or vise versa, the anplitude decreases or

i ncreases respectively. Al though the anplitude changes were not
as sharp as expected, which nmay be due to the phase
cancel l ation of incom ng and scattered waves at the boundary,
the data does reveal the thickness variation and inply that the
wave node | oses nore of its energy in the single plate area
than in the double plate area when the | ocal surface condition
was changed by the danper.

To further exhibit this |oading effect, neasurenments were
perforned on a plate assenbly with three unbonded areas, as
depicted in Fig. 1, of width 15, 12.5, and 9.5 nmrespectively
and of thickness 0.2 mmin the thickness direction. Mnitoring
a wave node propagating with the sane velocity as the previous
one, the result of scanning is displayed in Fig. 3. The areas
wth relative mninmmanplitudes in the curve shown coi nci ded
with the regions in the fabricated sanpl e where no epoxy was
put between the plates. In addition, in a simlar neasurenent,
a less than 0.8 mmw de sinmulating crack fabricated in the
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Fig. 2. Amplitude variation of the signal with phase velocity
4.35 x 103 nmins at 1.8 M. \Wen the danper was noved
fromdouble plate area to single plate area, signa
| evel decreased as shown. To the right of the vertica
line segnent is the single plate area. The decrease at
di stance smaller than 30 mMmis due to the nounting
effect of transmtter.
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Fig. 3. Anplitude variation of the signal with phase velocity
4.35 x 103 msec at 1.8 M.as a function of distance
fromtransmtter to the danper. Inside each pair of
vertical line segnents is the region where plates are
unbonded.

bottom pl ate was detected by scanning danper on the surface of
the top plate. Wth these results, it seens to be evident that
this nmeasurenent is capable of detecting delam nation and
cracks.

The paranmeter neasured is the anplitude of ultrasonic
signal as a function of distance. Therefore, if the only
concern in the nmeasurenent is to find and | ocate the structural
flaws, the scanning speed can be fast. In the above case, the
changes of anplitude responding to the disbonds are so obvious
that it took | ess than 20 seconds to scan a 35 cm di stance and
found the three unbonded areas. However, the degree of
variation of anmplitude is a function of the wi dth of unbonded
area, that neans, inspection rate should be slowed down for
flaws of smaller dinensions. If a third acoustic transducer is
pl aced on the other side of the transmtter but on the sane
pl ate surface, the inspection area is then doubl ed.

DI SCUSSI ON

The descri bed approach for flaw detection is basically
usi ng wavegui de effect in bonded plates. Here, the | am nate
structure serves as a wavegui de for the sound waves to
propagate. There are several interesting features either for
technical or theoretical concern nmay be worth nention.

In the measurenent, it was found that the | ow order plate
nodes of |ongitudinal and flexural waves (or identified as
symmetrical and antisymretrical nodes of Lanb wave) had been
generated and traveled nore than 30 cmin the assenbly. This



di stance can be nuch | arger when propagating in a sanple free
of structural flaws. Shear wave transducer is better than

| ongi tudi nal wave transducer for producing cleaner desired wave
nodes, which were the signals wth the phase velocities between
4.0 x 103 and 5.0 x 103 m'sec at 1.8 MHz. However, the relative
orientation of polarization of a shear wave transmtter to that
of a shear wave receiver is crucial for obtaining these wave
nodes. It was al so observed that waves with phase velocity near
4.4 x 103 misec exhibited the optimal anplitude, and showed the
nost neasurabl e capability for flaw detection. This capability
may be attributed to the existence of out-of-plate particle

di spl acenent with the Lanb waves.

The propagation of plate waves in a test material [1-3]
requires the relationship anong the plate thickness (B), the
shear wave velocity (Vg) as well as the |ongitudinal wave
velocity (V)) of the material, the phase velocity of plate wave
(V) , and the frequency (f) of inposed sound waves to satisfy
the plate wave equations and the plate boundary conditions. The
particle displacenents in the plate induced by these waves are
t he conbi nati ons of those of pure |ongitudinal and pure shear
waves in bul k speci nen. Lanb waves are those nodes with both
out-of-plate and in-plate particle displacenents. The ratio of
out-of -pl ate di splacenent (D,) to the in-plate displacenent
(By) of two Lanb wave nodes at the plate surfaces [2] can be
descri bed as

symretrical node
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respectively. As can be seen in the above two expressions, the
maxi mum absol ute val ue of Dy/ D _may be obtai ned when V = v2 Vg,
which is approximately 4.4 x 103 misec for al um num
Technical ly, |ongitudinal wave transducer drives the out-of-

pl ate di splacenment (Dy) in Eb/g- Due to the value of Dy/ D
tends to be infinity when V = v2 Vs, and the limted input
power to the transducer nmakes Do finite, the value of O could
then be small or even too snall to propagate a Lanb wave. On

t he ot her hand, under the sanme conditions, with the sane
reasoni ng, shear wave transducer excites the in-plate

di spl acement (D;), which woul d nake the out-of-plate

di spl acement D, as large as it can, and that is what we
obtained in the experinents. The resultant relatively |arge
val ue of D, makes the signal easily measurable in a |ong

di st ance.

The purpose of applying an acoustic danper on the plate



surface is to locally change the boundary conditions at the
contact area of the danper with the test plate, which in fact
changes the | ocal |oading condition of the plate. The response
of the particle displacenents to this |oading at the bonded
area differs fromthat at the unbonded area, which results in
the quantitative difference in the change of the received
signal levels. Since the response occurs imediately after the
contact, the optinmm scanning rate of the acoustic danper is
determ ned by the rate of the neasurenent of anplitude.

It is not clear at this nmoment that what is the main
nmechani sm causing the different responses to | oadi ng by bonded
and unbonded areas. One possible interpretation is that the
structural flaws, which are disbonds or cracks in this case,
reduces the thickness of test sanple in their |ocations, and
act as wave scattering centers. Acconpanying with the wave node
conversions occurred at the boundary of scattering center, the
scattering effect results in a different wave energy
distribution fromthat of a flaw free sanple or a flaw free
portion in the sanme sanple. The acoustic danper functions as a
probe to map the variation of this energy distribution. To
prove this suggested nodel, understandi ng of energy
distribution of wave nodes in plate becones necessary.
Measurenments on various geonetries of plate assenblies are
under goi ng, which may provide further information of sound
waves propagating in a plate configuration

As to the application to large area integrity inspection,
t hi s neasurenent has several advantages for the future
devel opnent; In this nmeasurenent, the transducers are at fixed
positions for each inspected area which can easily span nore
than 60 cmin length, and thus reduce the effects of coupling
vari ati ons between transducer and test specinen surface, which
encountered in the other ultrasonic inspection techniques. As
matter of fact, as long as the requirenments for generating
pl at e waves described in the previous paragraphs are net, the
met hod for generating waves is not essential to the
measurenment. It is possible to enploy other non-contact
t echni ques, such as optical and nagnetic neans, to excite and
detect the expected nechani cal waves. Furthernore, in order to
extend the physical dinmension of inspection, three |inear
arrays of transducers: one as transmtters and the others as
receivers, can be arranged to produce and receive paralle
beans of plate waves; In this case, by using conparison nethod,
t he occurrence of structural flaws may be determ ned, and a
| ong acoustic danper can be used to scan and find the flaw
| ocati on.

In summary, guided plate waves are able to interact with
structural flaws such as del am nations and cracks due to their
propagati on properties highly sensitive to the thickness change
in materials. A technique which enploys an acoustic danper to
probe the results of this interaction and then to | ocate flaws
in arelatively short period of tinme is developed. Wth its
techni cal advantages, this technique shows its potenti al
application to large area structural integrity assessnent.

ACKNOW.EDGEMENT



The work is supported by NASA-Langl ey Research Center.

*current address: NASA-Langl ey Research Center, M5 231,
Hanpt on, VA 23665.

REFERENCES

1. H Lanb, Proc. Roy. Soc. A, 93, 114 (1917)
2. D C Wrlton, J. Appl. Phys., 32, 967 (1961)
3. T. R Meeker, and A H Mitzler, in Physical Acoustics,

vol. I, part A 111, edited by R N Thurston (Academ c
Press, Inc. 1964)




